factor prediction (MPFP) problems. Further, Chen et al. (2011) proposed a neurofuzzy system architecture to implement the complex fuzzy rule as a practical application of the concept of complex fuzzy logic. Alkouri and Salleh (2012) introduced the concept of Complex Intuitionistic Fuzzy Set (CIFS) to represent the information which is happening repeatedly over a period of time. Further, as an application, Alkouri and Salleh (2013) presented an example of suppler selection model which is based on the distance measure of complex intuitionistic fuzzy sets. Molodtsov (1999) pointed out that the important existing theories viz. probability theory, fuzzy set theory, intuitionistic fuzzy set theory, rough set theory etc., which can be considered as mathematical tools for dealing with uncertainties, have their own difficulties. The inadequacy of the parametrization tools of these theories make them very limited and difficult. In order to overcome the above stated difficulties, Molodtsov (1999) introduced the concept of Soft Sets for dealing with uncertainties in parameterized form. Later on Maji et al. [(2001), (2004a), (2004b) ] extended Soft Sets to Fuzzy Soft Sets and Intuitionistic Fuzzy Soft Sets (IFSSs). Pei and Miao (2005) and Chen et al. (2005) have studied and extended the work of Maji et al. [(2002), (2003) ].
Also, Majumdar and Samanta (2010) have further generalized the concept of fuzzy soft sets.
In this chapter, we introduced the concept of Complex Intuitionistic Fuzzy Soft Sets (CIFSSs) along with their basic operations in section 6.2. New Distance measures for CIFSSs have been obtained on the basis of some well known distance measures and a general way to find the entropies of complex intuitionistic fuzzy soft sets have also been proposed in section 6.3. An application in the area of multi-criteria decision making problem on the basis of the proposed CIFSSs has also been suggested in section 6.4. Finally, the conclusion is provided in section 6.5.
Complex Intuitionistic Fuzzy Soft Sets
In this section, we introduce the concept of complex intuitionistic fuzzy soft sets with its definition, various operations and properties. Let X be the universal set, E be the set of parameters under consideration and CIFS(X) denotes the set of all complex intuitionistic fuzzy subsets of X.
Definition 6.3.1 (Complex Intuitionistic Fuzzy Soft Set): A complex Intuition-
istic Fuzzy Soft Set (CIFSS) may be represented by the set of ordered pairs as
Definition 6.3.2 (Operations on CIFSSs): Suppose that ⟨F , E⟩ and ⟨G, E⟩ are two CIFSSs over the universal set X, then we define the following operations:
• Equality: ⟨F , E⟩ = ⟨G, E⟩, if and only if µF (ε) (x) = µG (ε) (x) and
where the ⋄ and * are s-norm and t-norm operators, respectively.
In order to propose the intuitionistic entropy of complex intuitionistic fuzzy soft sets, we need to introduce some important properties of complex intuitionistic fuzzy soft sets. 
, for the amplitude terms and for the phase
Definition 6.3.4 (Transformation from CIFSS to Complex Fuzzy Soft Set):
To
we associate a mapping
given by
where F α is defined as follows:
Here
and
.
The proposed operator f α defined in definition 6.3.4 is to assign a complex intuitionistic fuzzy soft set to a complex fuzzy soft set. The following theorem provides the properties of the operator f α : Theorem 6.3.1: If α, β ∈ [0, 1] and ξ,ξ ∈ CIFSS(X), then the following holds:
(1) In the following, we have to prove that µ Fα(ε) 
In the following, we have to prove that µ Fα(ε) 
, for the amplitude terms and for the
From the equation (6.2.1) and (6.
Then we have
Distance Measures and Entropies of

Complex Intuitionistic Fuzzy Soft Set
Based on various well known distance functions, we introduce some distance measures between complex intuitionistic fuzzy soft sets and propose a general way to find the entropies of complex intuitionistic fuzzy soft set. We also give the structure of intuitionistic entropy of complex intuitionistic fuzzy soft sets by extending the structure of intuitionistic entropy on intuitionistic fuzzy soft sets Jiang et al. (2013).
Distance Measures for Complex Intuitionistic Fuzzy
Soft Sets
The axiomatic definition of the distance measure for complex intuitionistic fuzzy soft sets has been reframed and proposed as follows: is called distance measure on CIFSS(X), if d satisfies the following properties:
Now we extend and write the Hamming and Euclidean distance measures between two
CIFSSs ξ andξ.
• Hamming Distance:
• Normalized Hamming Distance:
• Euclidean Distance:
• Normalized Euclidean Distance:
Entropies on Complex Intuitionistic Fuzzy Soft Sets
Here, we present the axiomatic definition for the entropy of a complex intuitionistic fuzzy soft sets. The following conditions give the intuitive idea for the degree of fuzziness of a complex intuitionistic fuzzy soft set, i.e., for the entropy of a complex intuitionistic fuzzy soft set:
(i) It will be null when the complex intuitionistic fuzzy soft set is a complex fuzzy soft set;
(ii) It will be maximum if the complex intuitionistic fuzzy soft set is completely intuitionistic;
(iii) An intuitionistic entropy of a complex intuitionistic fuzzy soft set will be equal to its complement;
(iv) If the degree of membership and the degree of non-membership of each element increase, the sum will do so as well, and therefore, this complex intuitionistic fuzzy soft set becomes less fuzzy, and therefore the entropy should decrease.
In In the following theorem, we prove P2 property of the definition 6.4.2.1.
Theorem 6.4.2.1: H(ξ) is maximum if and only
Proof. Necessary part: 
where 0 ≤ i ≤ m and 0 ≤ j ≤ n. We construct the following complex intuitionistic 
Theorem 6.4.2.2: Let ξ = ⟨F , E⟩ = [a ij ] m×n ∈ CIFSS(X) and H : CIFSS(X) → R + such that
where ψ satisfies the conditions (i)-(iv) of definition 6.4.2.2, then H is an intuitionistic entropy on CIFSS(X).
Proof. 
H(ξ) = 0 if and only if, for all
, which implies ξ is completely intuitionistic. Thus, H satisfies property P2 of the definition 6.4.2.1.
Since ξ
= H(ξ c ).
Thus, H satisfies property P3 of the definition 6.4.2.1.
, for the amplitude terms and for the phase terms ω rF
Thus, H satisfies property P4 of the definition 6.4.2.1.
Therefore, H is an intuitionistic entropy of complex intuitionistic fuzzy soft set.
Burillo and Bustince (1996a) gave some expressions for intuitionistic entropy of intuitionistic fuzzy soft sets. Jiang et al. (2013) extended these expressions for intuitionistic entropy of intuitionistic fuzzy soft sets. On similar pattern, we are extending these expressions for intuitionistic entropy of complex intuitionistic fuzzy soft sets.
Let ξ = ⟨F , E⟩ = [a ij ] m×n ∈∈ CIFSS(X). It is easy to verify that the following expressions are the intuitionistic entropies of ξ :
, n = 2, 3, . . . ;
) ,
In the following definition, we introduce a function from CIFSS(X) to R + , which is an extension of the H ϕ, ϕ ′ -function from IFSS(X) to R + given in Jiang et al. (2013) , which is also an extension of the H ϕ, ϕ ′ -function from FSS(X) to R + given in Burillo and Bustince (1996a). 
Obviously, 0 ≤ H ϕ, ϕ ′ (ξ) ≤ mn for all ξ = [a ij ] m×n belonging to CIFSS(X).
then the function H ϕ, ϕ ′ satisfies the following property.
Proof. By the definition 6.4.2.3, we have the following
Thus, we have
It may be noted that there are H ϕ,ϕ ′ -functions which are not intuitionistic entropies, e.g.,
On the other hand, it may also be easily verified that there are entropies which are not H ϕ,ϕ ′ -functions, e.g.,
Also, there are entropies which are also H ϕ,ϕ ′ -functions, e.g.,
) )]
Next, we introduce a property which defines entropies in a general way, as follows: 
where ϕ satisfies the conditions(i)-(iii) of theorem 6.4.2.4.
Based on the definitions and properties stated above, it may be easily verified that there is a correspondence between the proposed entropies and the distance measures of complex intuitionistic fuzzy soft sets. be the family of complex fuzzy soft sets associated to ξ by the operator f α defined in definition 4. Then (i) H 1 (ξ) = 2 · d h (ξ, ξ α );
(ii) H 1 (ξ) = 2 · d h (ξ 0 , ξ 1 );
(iii) d h (ξ α , ξ β ) = (α − β) · H 1 (ξ).
Application in Multi-criteria Decision
Making problems
Suppose that a car dealer X decides to purchase cars from a car company Y . The car company provides some information to car dealer on four models of cars with different manufacturing dates for each model. So, car dealer X wants to select four models Car1, Car2, Car3 and Car4 with its manufacturing date simultaneously. Suppose that a team of experts (decision makers) agreed that five parameters should be considered in the selection process. They can be: reliability, maximum payload, purchasing cost, maximum speed and durability. But these parameters will get affected and changed if the production date is different for the same model of cars. The decision made by the expert team will also depend on the knowledge and experience of its members. The best way to represent this kind of information may be by using CIFSS, in which for each car model, the experts have different opinions and mentalities. For instance, suppose that at least 60% experts believe that the Car1 is suitable at the first parameter and not more than 15% of the experts that the Car1 is poor at the first parameter, in this way we can calculate the amplitude terms for both membership and non-membership functions, respectively in CIFSS. The phase terms that represent the production date for first parameter of the Car1 can be calculated as follows: if at least 70% experts believe that the production date of car1 is suitable at the first parameter and not more than 20% of them believe that the production date of car1 is poor. Therefore, the information based on experts about car1 on the first parameter can be represented in form of CIFSS as ⟨0.6·e 2π0.70 , 0.15·e 2π0.20 ⟩. In this way, all data can be obtained in the form of CIFSS, where both amplitude and phase terms can represent the information on experts's decision which happens periodically. Assume that the expert team had
